M O L # 7 1 6 6 2
INTRODUCTION
Neuroactive steroids can act as powerful anesthetics, anticonvulsants and neuroprotectants.
The GABA A receptor, the major target of many exogenous neuroactive steroids, binds synaptically-released or ambient GABA, resulting in the activation of an anion-selective channel.
Interaction of steroid with the receptor enhances, through specific changes in channel open and closed times, channel open probability, thus resulting in increased flow of Cl ions through the cell membrane (Akk et al., 2010) .
The GABA A receptor is a pentameric protein. 
METHODS
The experiments were conducted on wild-type and mutated rat concatameric GABA A receptors. The receptors consisted of a triple β 2-α1-γ2L (βαγ) construct and a β 2-α1 (βα) tandem construct ( Figure 1 ). To eliminate GABA binding, the Y205S mutation (Amin and Weiss, 1993) was introduced to one or both β subunits. To eliminate steroid interaction with the receptor, the Q241L mutation (Akk et al., 2008; Hosie et al., 2006) Solutions were switched by pClamp using a Warner Instruments VC-8T valve controller.
Solutions were applied from glass reservoirs via metal or Teflon tubing to reduce adsorption. A typical drug application protocol was to expose an oocyte to bath solution for 10 s, followed by a 20 s drug (GABA, pentobarbital, allopregnanolone) application, and a switch back to bath solution. The washout period between successive drug applications was 1-3 min.
The current responses were amplified with an Axoclamp 900A amplifier (Molecular Devices, Sunnyvale, CA), digitized with a Digidata 1320 series digitizer (Molecular Devices) at a 100 Hz sampling rate, and stored using pClamp (Molecular Devices). The traces were analyzed with Clampfit (Molecular Devices). The GABA concentration-response curves were fitted using the program NFIT (The University of Texas, Medical Branch at Galveston). Statistical analyses were carried out using Excel (Microsoft, Richmond, WA).
This article has not been copyedited and formatted. The final version may differ from this version. Western blotting was conducted on extracts from Xenopus oocytes injected with various combinations of cRNA for concatameric constructs. The oocytes were injected with 10 ng of mRNA per construct. After two days of incubation at 15.8 °C in ND96 the oocytes were put in a 1.5 ml microfuge tube and washed once with 0.5 mL PBS. The PBS was removed and the oocytes were washed with 0.5 ml of PBS plus a protease inhibitor cocktail (P8465; SigmaAldrich, St. Louis, MO). The PBS was again aspirated and then 10 µl of lysis buffer (10 mM HEPES, pH 8.0, 100 mM NaCl, 10 mM EDTA plus the protease inhibitor cocktail) per oocyte were added to the microfuge tube. The oocytes were homogenized by pipetting through a syringe needle. The homogenate was spun for five minutes at 1000 rpm , 4 o C, and the supernatant was removed and spun again under identical conditions. Triton X-100 was added to the supernatant to a final concentration of 2% after which the mixture was rotated for 30 min at 4 °C. The mixture was then spun at 14,000 rpm for 10 min at 4 °C. The supernatent was added The chemicals (salts, GABA, pentobarbital, allopregnanolone) were purchased from SigmaAldrich. Stock solutions of allopregnanolone (10 mM) were made in DMSO; dilutions to test concentrations were made on the day of the experiment. Stock solutions of pentobarbital (2 mM) were made in the bath solution.
RESULTS

Concatemeric constructs are not degraded.
We created concatemeric GABA A receptors made of rat GABA concentration-response data for the concatemeric receptors are summarized in Table 1 .
The concentration-response curves are given in Figure 3 .
The introduction of the α (Q241L) mutation had a relatively small effect on the maximal peak current and the concentration-response relationship. The maximal currents for receptors containing a single mutation were similar to receptors comprising unmutated concatamers (up to 5 μ A), but the peak response from a receptor containing two mutated α subunits was reduced to ~1 μ A (Table 1) . A previous single-channel study of the α (Q241L) mutation found that the presence of the mutation in both α subunits significantly reduces the maximal open probability (Akk et al., 2008) . This suggests that the reduced peak response in concatemeric receptors containing two mutated α subunits is mainly due to kinetic effects of the mutation rather than
This article has not been copyedited and formatted. The final version may differ from this version. Figure 4E ). In four oocytes exposed to 2 mM pentobarbital, the maximal peak response was 280 nA, and the tail response upon the removal of the drug reached 700 nA. The peak response in the presence of a high concentration of pentobarbital is reduced by open channel block (Akaike et al., 1987) , and the tail results from rapid unblocking of the channel. The peak of the tail response for receptors containing unmutated concatamers was 3000 nA, suggesting that the total number of receptors 
Potentiation of receptors activated by GABA.
This article has not been copyedited and formatted. The final version may differ from this version. We examined allopregnanolone-mediated potentiation of concatemeric receptors activated by GABA. The concentrations of GABA used in these experiments were selected, based on the concentration-response data presented in Figure 3 , to elicit approximately 20-30 % of the maximal response. These are concentrations at which most of our previous work on steroid potentiation has been conducted (Akk et al., 2009; Akk et al., 2005; Li et al., 2007) , thus offering the most material for comparison. Furthermore, the peak GABA currents were strongly reduced for several mutant combinations, likely due to the combined effects of the occupation of a single transmitter binding site (Baumann et al., 2003; Baur and Sigel, 2005) and the reduction in channel open probability that results from the α (Q241L) mutation (Akk et al., 2008) . In these cases, the use of lower fractional GABA concentrations would have resulted in unreliable estimates for control currents. (Q241L)γ-βα). We note that the GABA fractional responses at which the steroid effects were measured differed slightly (Table 2) . Hence, the comparative potentiating effects should be judged with care because they depend on the level of baseline activation. Receptors containing two mutated α subunits were not potentiated by allopregnanolone (1.0 ± 0.1 of control; Table 2 ; Figure 4D ). This article has not been copyedited and formatted. The final version may differ from this version. Table 2 ).
Potentiation of receptors activated by pentobarbital.
Receptors containing two Table 3 . From these experiments, we conclude that the β (Y205S) mutations do not interfere with the ability of allopregnanolone to produce channel potentiation.
This article has not been copyedited and formatted. The final version may differ from this version. We examined the potentiation of responses to pentobarbital, in the absence of functional GABA-binding sites. In this case, it also appears that the presence of a single steroid-binding site confers full ability to potentiate activation by an agonist which does not bind to the GABAbinding site and which also apparently induces somewhat different conformational changes in the extracellular domain of the receptor (Akk et al., 2011; Muroi et al., 2009 ).
The use of concatenated subunits is an effective way to constrain the stoichiometry and order of subunits. Furthermore, it allows a selective introduction of mutations to one of the two This article has not been copyedited and formatted. The final version may differ from this version. 
